The nociceptive flexor withdrawal reflex has an august place in the history of neuroscience. In this issue of Neuron, Hilde et al. (2016) advance our understanding of this reflex by characterizing the molecular identity and circuit connectivity of component interneurons. They assess how a DNA-binding factor Satb2 controls cell position, molecular identity, pre-and postsynaptic targeting, and function of a population of inhibitory sensory relay interneurons that serve to integrate both proprioceptive and nociceptive afferent information.
Stubbing your toe is a painful experience, but the ensuing response is an aweinspiring feat of the nervous system. Within milliseconds of contact, the nervous system terminates its ongoing motor program and orchestrates a set of muscle contractions that adeptly pulls the foot away from the object. The nervous system rarely gets this wrong, either by failing to command the reflex or worse yet instructing a movement that aggravates the insult. Equally remarkable, if the toe suffers damage during the insult, the nervous system immediately and seamlessly reconfigures future motor programs to protect the injured area.
Nociceptive-related behaviors have fascinated neuroscientists for hundreds of years. In 1644, Descartes proposed that noxious signals travel along nerve fibers toward the spinal cord and brain (Descartes, 1644) . Importantly, Descartes also realized that withdrawal reactions to the noxious stimuli rarely could be volitionally prevented. Over 200 years later, Sherrington began to characterize nociceptive reflex behaviors in extraordinary detail (Sherrington, 1906) (Figure 1A ). This was followed by physiological interrogations of many different flexor reflex arcs by the groups of Eccles, Lundberg, Jankowska, and Hongo (Lundberg, 1979) . From this work, it became clear that dorsal spinal neurons could integrate a complex array of sensory modalities and ultimately feed them into a common motor output.
Prior work by the Pfaff laboratory identified a population of premotor interneurons in the mediolateral extent of lamina V of the dorsal spinal cord that expresses the DNA-binding nuclear matrix proteins Satb1 and/or Satb2 (Levine et al., 2014) . The position of Satb1/2+ neurons was intriguing as they lie within spinal regions containing interneurons of the nociceptive withdrawal reflex circuit previously described electrophysiologically by the Schouenborg group (Schouenborg et al., 1995) . Pfaff and colleagues found that some Satb1/2+ neurons receive direct proprioceptive input, some are indirectly activated by nociceptor stimulation, and some receive direct descending corticospinal inputs.
In their current study (this edition of Neuron), Hilde et al. (2016) made considerable effort to further characterize the nature of Satb2+ neurons. To this end, the authors generated a Satb2:Cre ERT2 knock-in mouse line and crossed this to inducible fluorescent reporter lines, indelibly labeling the Satb2+ neurons. Molecular characterization of the labeled cells demonstrates that the population of Satb2+ interneurons constitutes a heterogeneous set of putative inhibitory neurons. Some Satb2+ neurons express GAD65 and/or GAD67, suggesting GABAergic identity, and some express GlyT2, suggesting Glycinergic function. The developmental origin of the Satb2+ neurons is unusual, as they express Lbx1, Lim1/2, and Ptf1a but do not express other markers of the dI4, dI5, dIL, or dI6 spinal interneuron lineages. Therefore, the Satb2+ population may represent previously uncharacterized classes of spinal neurons. Future work will be needed to fully reveal the lineage and diversity of the Satb2+ spinal interneurons.
In cerebral cortex, Satb2 expression marks a specific population of callosal projections neurons. This cortical population is distinct from a subcortical projection class, which is defined by the expression of Ctip2 (Arlotta et al., 2005) . In developing callosal projection neurons, Satb2 directs chromatin remodeling to suppress Ctip2 and specify appropriate neuronal fate (Alcamo et al., 2008; Britanova et al., 2008) . Given this interesting relationship, Pfaff and colleagues probed Ctip2 expression in the spinal cord. Unexpectedly, a medial subset of Satb2+ interneurons coexpress Ctip2. Not only does this finding further suggest diversity of Satb2+ neuronal spinal subtypes, but it also raises questions about how different transcriptional circuits are organized from the same basic transcription factors and how these transcriptional circuits ultimately specify neuronal fates and connectivity. Does developmental timing allow Ctip2 expression to be established before Satb2 expression arises, or are cofactors for the genomic regulation of Ctip2 by Satb2 absent in spinal interneurons? Future transcriptome analyses of cortical and spinal Satb2+ neurons may reveal underlying genetic mechanisms and suggest strategies for establishing neuronal diversity.
The authors propose that Satb2+ interneurons are inhibitory sensory relay neurons (ISR Satb2 ). They do so based upon their location and inhibitory transmitter phenotype, but primarily by offering compelling microcircuit analysis of synaptic inputs and outputs of these fluorescently labeled Satb2+ neurons. They identify proprioceptive afferent synapses using vGluT1 expression and cholera toxin B labeling, and they use cFos expression to mark interneurons indirectly activated from footpad capsaicin injections. Applying these techniques together, Hilde et al. (2016) conclude that Satb2+ neurons are local sensory integrator hubs receiving simultaneously both direct proprioceptive inputs and indirect input from cutaneous nociceptors ( Figure 1B) . Interestingly, the number of proprioceptive sensory contacts on individual Satb2+ neurons varies. Cells closer to the midline receive more proprioceptive input, whereas more lateral cells receive fewer proprioceptive contacts, echoing the mediolateral variation seen with Ctip2 expression.
The authors next used a combination of genetic and viral labeling to assess the output of the ISR Satb2 neurons. They found that ISR Satb2 neurons target both motor neurons and at least two different classes of ventral interneurons, V2a and V1, arguing that ISR Satb2 neurons transfer incoming sensory information onto motor neurons and a select class of ventral interneurons. Notably, ISR Satb2 neurons neither form contacts on themselves nor have ascending projections ( Figure 1B ). In cortex, Satb2 deficiency affects the identity and circuitry of callosal neurons (Alcamo et al., 2008; Britanova et al., 2008) . Pfaff and colleagues reasoned that if Satb2 plays a similar role in spinal cord, then removing Satb2 might provide insight into the normal function of ISR Satb2 neurons. Since ISR Satb2 neurons are premotor, the authors assessed motor function in Satb2 null mice. These mice die around birth, so the authors used an established ex vivo embryonic spinal cord preparation and electrophysiology to assess motor outputs. From this analysis, they conclude that basic locomotor functions appear normal in Satb2 nulls, including left-right and flexor-extensor motor activity, cycle period length, cycle period variation, and burst duration. However, the perinatal lethality of global Satb2 mutant mice prevented more specific analysis of sensory and motor function in moving mice.
To specifically study the function of Satb2 in spinal interneurons, the authors combined mice carrying a floxed Satb2 allele and a Cre driver restricting recombination to Lbx1-expressing spinal neurons. The resulting behavioral phenotypes are subtle but striking: these mice display a hyperflexed ankle position during walking and hold the hindlimb in a tonically flexed position after withdrawal from painful stimuli. Satb2 mutation thus has an effect on both locomotion and pain withdrawal-why? The answer could lie in the heterogeneity of ISR Satb2 spinal neurons. However, the possibility also exists that the same ISR Satb2 neurons multitask.
Perhaps ISR Satb2 neurons are normally involved in ending flexion during locomotion and this same general function is repurposed for terminating the nociceptive withdrawal.
The existing flexor reflex literature suggests a rich set of experiments going forward. For example, descending influence from the brain is known to change the thresholds for eliciting the reflex (Holmqvist and Lundberg, 1961) . Given that Satb1/2+ neurons receive corticospinal inputs (Levine et al., 2014) , it will be interesting to characterize the behavioral effect of disrupting these descending inputs in the Satb2 conditional mutant. Also, flexor reflexes can be initiated by nonnociceptive sensory modalities, and these different reflexes are known to compete with one another in a hierarchical fashion (Sherrington, 1906) . Does loss of Satb2 affect these other reflexes or the competition between them?
To try and understand the circuitopathies underlying the behavioral phenotypes of Satb2-deficient mice, the authors assess changes in ISR Satb2 cell fate, cell position, and circuit integration in Satb2 null mice carrying the Satb2:Cre ERT2 allele: Satb2:Cre-expressing neurons are now found in an aberrant lateral position closer to the termination zone of CGRP+ peptidergic nociceptive afferents, they lose input from proprioceptive neurons, and they make a sparse number of aberrant output contacts on cells dorsal to the V2a interneuron population. In addition, transcription factor expression in these neurons is altered: while there is no change in Ptf1a and Lbx1 expression, there is altered expression in Pax2, Bhlhb5, and Ctip2 ( Figure 1B) 
Summary
While the study of the nociceptive withdrawal reflex has a long history in neuroscience, the questions raised by this most recent contribution are as contemporary as ever. How much variation can be found in a pool of developmentally related interneurons, and how is this diversity established? Is circuit connectivity determined by the lineage and molecular profile of a neuron, or does it more reflect the neuron's position relative to a projection target zone? How are multiple sensory streams coordinated into singular behavioral outputs, and how do single interneurons or microcircuits contribute to multiple behavioral outputs? And what are the computational strategies at the level of single cells that support such convergence of input or divergence of output? The work of Hilde et al. (2016) simultaneously advances our understanding and raises fascinating questions. With Satb2 as a genetic handle for an involved population of interneurons, we now have an entry point for modern circuit cracking of the nociceptive flexor withdrawal reflex.
In this issue of Neuron, Redmond et al. (2016) identify junction adhesion molecule 2 (JAM2) as an inhibitor of somatodendritic myelination in spinal cord neurons, thereby elucidating how myelin forms on axons but avoids dendrites and cell bodies.
During the development of the central nervous system (CNS), oligodendrocyte precursor cells (OPCs) undergo a highly coordinated maturation process resulting in the ensheathment of multiple axons in compact multi-lamellar structures, termed myelin. The segmental wrapping of axons facilitates enhanced propagation of action potentials by providing increased interaxonal resistance, decreased membrane capacitance, and ordered segregation of ion channels at Nodes of Ranvier. In addition, recent work suggests that oligodendrocytes serve as key sources of metabolic support for axons (Simons and Nave, 2016) . As a result, disruption or malformation of myelin is highly relevant to many neuropathologies, such as multiple sclerosis (Hughes and Appel, 2016) . While recent strides have been made in understanding factors involved in OPC
